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IP NETWORK OVER A PARTIALLY MESHED FRAME RELAY NETWORK 

Technical field 

The present invention relates to the Frame Relay networks 
wherein the IP protocol is used on top of the Frame Relay 
5 networks and relates in particular to an IP configuration over 
a partially meshed Frame Relay network. 

Background 

The introduction of usually LAN attached, intelligent 
workstations has changed the data processing paradigm from 

10 centralized host computing to distributed processing. Also, 
with the growth of distributed processing, the need for LAN 
interconnection and the growing use of graphics and images has 
lead to exponentially increasing network traffic. Furthermore, 
not only the demand for connectivity has changed, but also the 

15 technology to provide networking facilities has been subject 
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to important changes. The introduction of digital and fiber 
technologies provides faster and more reliable communication 
but requires networking techniques which are able to 
efficiently operate at higher speeds. In order to meet this 
5 requirement, the concept of fast packet switching has been 
developed . 

Fast packet switching often used to refer to Frame Relay is a 
generic term that relates to packet switching technologies 
that omit most of OSI model layer two processing and all of 
10 layer 3 to 7 processing to achieve higher data through put. 
Because fast packet switching such as Frame Relay operates 
below layer 3 of the OSI model, it is easy to run multiple 
protocols over it and in particular the IP protocol 

The Frame Relay network provides a number of Permanent Virtual 
15 Circuits (PVC) that form the basis for the connections between 
stations attached to the network and that allow data exchange 
between these stations. The resulting set of interconnected 
devices is the Frame Relay group which may be either fully 
interconnected to form a fully meshed network, or only 
20 partially interconnected to form a partially meshed network. 

In either case, each PVC is uniquely identified at each Frame 
Relay interface by a Data Link Connection Identifier (DLCI) . 
Such a DLCI which is therefore different on either end of the 
PVC, has strictly local significance at each interface. 

25 A fully meshed Frame Relay network is not subject to 
connectivity problems. In the IP configuration, the whole 
network is seen as a single IP subnet. This configuration has 
no limitation since any router can reach all other routers, 
except that it requires a high number of PVCs, which increases 

30 as soon as a new router is added to the network. 

Generally, the mapping between the IP addresses of the routers 
in the IP subnet and the DLCIs to be used by a router to reach 
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each one of the other routers is achieved by using an inverse 
ARP table associated with the router. The dynamic method for 
updating the inverse ARP table consists for a router in 
sending or receiving requests over a PVC, bearing in mind that 
r 5 the known hardware address is the DLCI corresponding to the 

* router end. When receiving either a reply to an ARP request or 

* a request over the PVC, the router can associate, in its 
inverse ARP table, the IP address (as entry) of the device at 
the other end of the PVC with the DLCI being used. Since a 

10 fully meshed network is seen as a single IP subnet and since 
any router has PVC connectivity to all other routers in such a 
network, it can dynamically maps the remote IP address-to-DLCI 
using inverse ARP method. 

Partially meshed networks can be made of several IP subnets 
15 wherein one router, the hub, has a PVC for all other routers 
of the subnet, the spokes. In such a case, spoke to spoke 
connectivity is resolved via IP subnet to subnet connectivity, 
which is the normal IP routing process. When a spoke wants to 
reach another spoke of another subnet, it will use its routing 
20 table which indicates a route via the hub. The problem of this 
method is that it requires a different IP subnet per PVC. This 
can be a problem in case of IP address exhaustion. It also 
creates very large routing tables because of the number of new 
subnets which causes memory problems inside the routers along 
25 with high bandwidth utilization between the links when 
exchanging the routes fore these subnets. Partially meshed 
networks can also be made of one single subnet. In that case, 
dynamic inverse table does not allow to resolve the spoke to 
spoke connectivity problem. 

30 The solution to the above problems consists in doing for each 
spoke a manually static mapping instead of using the dynamic 
inverse ARP. This means that the inverse ARP table is manually 
configured with the IP addresses of all the spokes and the 
corresponding DLCIs. Unfortunately, such a solution which has 
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to be achieved on. all the spokes, can become very heavy and 
difficult when many spokes are present in the network. 

Summary of the invention 

It is why, the main object of the invention is to provide an 
5 IP network over a partially meshed Frame Relay network wherein 
it is only required to enter in the inverse ARP table of each 
spoke one entry for mapping all the IP addresses of the other 
spokes of the same IP subnet to only the DLCI used for 
reaching the hub associated with the subnet. 

10 The invention relates therefore to an IP network over a 
partially meshed Frame Relay network wherein the Frame Relay 
network includes at least a hub which is linked to each one of 
a set of spokes by a Permanent Virtual Circuit (PVC) 
identified by a first data Link Connection Identifier (DLCI) 

15 associated with the hub and a second DLCI associated with the 
spoke, the hub and the set of spokes defining an IP subnet 
having a subnet address, and each spoke having an inverse ARP 
table in which the first DLCI identifying a PVC is mapped with 
the IP address of the hub as entry. The inverse ARP table of 

20 each spoke comprises, further to the entries corresponding to 
the IP addresses of the hubs to which the spoke is linked, at 
least a default entry identifying the subnet address whereby 
any frame the IP address of which corresponds to a spoke is 
routed to the hub by scanning the inverse ARP table. 

25 Brief description of the drawings 

The above and other objects, features and advantages of the 
invention will be better understood by reading the following 
more particular description of the invention in conjunction 
with the accompanying drawings wherein ; 
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■ Fig. 1 is a block-diagram representing an IP network over 
Frame Relay including two subnets wherein the invention is 
implemented , 

■ Fig. 2 is a is a schematic representation of the inverse ARP 
5 table of a spoke wherein the static addresses corresponding 

to the system illustrated in Fig. 1 have been entered. 

■ Fig. 3 is a flow chart representing the different steps used 
when a new frame received in the spoke is to be transmitted 
to an IP address. 

10 Detailed description of the invention 

Referring to Fig. 1, an IP network over Frame Relay wherein 
the invention is implemented comprises a partially meshed 
Frame Relay including two hub routers 12 and 14 (called hubs 
in the following) and a plurality of gateways (called spokes 
15 in the following) . Spokes 16 and 18 are linked to hub 12 
whereas spokes 20 and 22 are linked to hub 14. Spoke 24 is 
linked to both hub 12 and 14 , While the system illustrated in 
Fig. 1 is an example, it must be understood that a plurality 
of spokes (may be more than 50) could be linked to each hub. 

20 Each link corresponds to a Permanent Virtual Circuit (PVC) in 
the Frame Relay 10 and is assigned a Data Link Connection 
Identifier (DLCI) . Thus, spoke 24 is linked to hub 12 by DLCI 
100 whereas spoke 24 is linked to hub 14 by DLCI 200. 

According to the principles of the invention, Frame Relay 10 
25 is used in an IP network. Since there are two hubs, the IP 
network includes a first subnet 26 including hub 12 and spokes 
16, 18, 24 and a second subnet 26 including hub 14 and spokes 
20, 22, 24. Note that more than two subnets could exist in the 
system without being out of the scope of the invention. 

30 In a general way, the address of a spoke comprises the subnet 
address followed by a subnet mask such as 255.255.255.x which 
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enables to determine the specific spoke address. As an 
example, it is assumed here that the addresses in the first 
subnet are 10. 1.1. X with X being the specific address of each 
spoke in the subnet and the addresses in the second subnet 
5 address are 10.2. 2. Y with Y being the specific address of each 
spoke .in the subnet. Thus, the addresses of the spokes in the 
first subnet 26 could be : 

- spoke 24 > 10.1.1.1 

- hub 12 > 10.1.1.2 

10 - spoke 20 > 10.1.1.3 

- spoke 22 > 10.1.1.4 

Likewise, the addresses of the spokes in the second subnet 28 
could be : 

- spoke 24 > 10.2.2.1 

15 - hub 14 > 10.2.2.2 

- spoke 22 > 10.2.2.3 

- spoke 24 > 10.2.2.4 

As already explained, each spoke has an inverse ARP table 
including the DLCI to be used for each IP address used as an 
20 entry of the table. As illustrated in Fig. 2, the ARP table of 
spoke 24 includes two parts, one part containing the dynamic 
entries and a second part containing the static entries. 

Whereas dynamic entries are automatically updated, the static 
entries are manually entered by the operator. In the present 
25 example, there are two dynamic entries in the ARP table of 
spoke 24 since it is linked to hub 12 and hub 14. The first 
entry gives DLCI 100 corresponding to 10.1.1.2 (IP address of 
hub 12) and the second entry gives DLCI 200 corresponding to 
10.2.2.2 (IP address of hub 14). 
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The static entries correspond to the DLCIs*. which are to be 
used when spoke 24 wants to establish a- connection with 
another spoke* Thus, for establishing a connection from spoke 
24 to spoke 16, it is necessary to use DLCI 100 linking spoke 
5 24 to hub 12 and then DLCI 300 linking hub 12 to spoke 16. 
Therefore, the static entry manually entered is DLCI 100 
corresponding to the IP address 10.1.1.2 of hub 12. Assuming 
that the system includes a great number of spokes, it would be 
required to write an entry for each spoke into the table. 

10 The essential feature of the invention is therefore to write 
only one entry for each subnet of the system. This entry is 
any IP address by default giving the DLCI linking the spoke to 
the hub. Such a default IP address may be the address of the 
subnet wherein the last part identifying the spoke is replaced 

15 by 0. Thus, in the present example, there are two entries as 
illustrated in Fig. 2. The first entry is the IP address 
10.1.1.0 corresponding to DLCI 100 linking spoke 24 to hub 12, 
whereas the second entry is the IP address 10.2.2.0 
corresponding to DLCI 200 linking spoke 24 to hub 14. 

20 It must be noted that the default IP address to be entered 
could be 0.0.0.0 if the system includes a single subnet. 

As the result of the above description, the IP address 
10.1.1.0 is now the default layer 2 route for reaching any 
spoke of subnet 26, and IP address 10.2.2.0 is now the default 
25 layer 2 route for reaching any spoke of subnet 28. Thus, when 
hub 12 receives a frame from a spoke of subnet 26, it forwards 
it directly at layer 2 without passing the frame to the IP 
level . 

Further to be used for forwarding a frame to any spoke of the 
30 subnet, the hub is also responsible for handling the broadcast 
or limited broadcast frames as explained hereunder. 
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When a frame is to be broadcast to all spokes of the subnet , 
its target IP address is the IP address of the subnet, for 
example 10.1.1.0 for subnet 26. The frame destined to all 
spokes of the subnet, is routed across the IP network to the 
5 target subnet and broadcast locally on the subnet when it 
arrives there. In the prior systems, when a spoke receives a 
directed broadcast from any other interface, it passes the 
frame to the interface where the destination subnet resides. 
Then the network interface broadcasts the frame to all spokes 

10 of the subnet in a network dependent manner. On the other 
(receiving) side, as the frame comes from the network 
interface that holds the subnet, the spoke keeps it for local 
delivery. For a limited broadcast originated from a local 
application and destined to any spoke that the port can reach, 

15 the frame must not be routed by receiving end as opposed to 
network directed broadcast. In this case, the receiving end 
passes the frame to the IP layer which delivers it to a local 
application . 

In the system according to the invention and contrary to the 
20 prior technique, the hub which receives a subnet directed 
broadcast or a limited broadcast from a spoke of the subnet, 
keeps it for local delivery and also copies it to all the 
spokes belonging to the subnet. As a result, the broadcast is 
now handled under the sole responsibility of the hub for that 
25 subnet. Therefore, as opposed to the prior technique, the hub 
also performs the broadcast at layer 2 for frames coming from 
the spokes. Besides, unless the frame comes from the hub 
itself, in which case they use it for local delivery, the 
spokes just forward the broadcast frame to the hub without 
30 copying them for themselves. 

To forward a frame to the hub, the steps performed in a spoke 

are illustrated in Fig. 3. When a frame is received, the spoke 

determines the IP address in the header of the frame (step 

40) . It is then determined whether the inverse ARP table 
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illustrated in Fig. 2 contains an entry for the IP address and 
the corresponding DLCI (step 42) . If so, the frame is 
forwarded using this DLCI (step 44) . If there is no entry for 
the IP address, a scanning process is made in the part of the 
5 table containing the static addresses (step 46) . 

It must be noted that each entry is associated with a mask. 
When examining an entry of the table, the process applies the 
associated mask (step 48) . Such a mask is generally 
255-255.255.0 such that the application of the mask on the IP 

10 address of a spoke belonging to a subnet results in the 
address of the subnet. Thus, the application of the mask 
255.255.255.0 on the IP address 10.1.1.6 of a spoke of subnet 
26 results in 10.1.1.0 which is the IP address of said subnet. 
At this stage, it is determined whether the result corresponds 

15 to the entry of the table being scanned (step 50) . If not, the 
application of the mask is repeated for the next entry in the 
table and so on. 

It must be noted that, when there is only one subnet, the 
default IP address could be 0.0.0.0 as already mentioned. In 
20 such a case, the mask to be applied to the IP address of the 
frame is also 0.0.0.0. 

Accordingly, the system according to the invention enables the 
frames to be forwarded from the spoke to the hub by using the 
subnet address when no exact match is found in the inverse ARP 
25 table as well for an unicast as for a directed broadcast or a 
subnet multicast. 
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CLAIMS 



IP network over a partially meshed Frame Relay network (10) 
wherein the Frame Relay network includes at least a hub (12 
or 14) which is linked to each one of a set of spokes (16, 
18, 24 or 20, 22, 24) by a Permanent Virtual Circuit (PVC) , 
said PVC being identified by a first data Link Connection 
Identifier (DLCI) associated with said hub and a second 
DLCI associated with said spoke, said hub and said set of 
spokes defining an IP subnet (26, 28) having a subnet 
address, and each spoke having an inverse ARP table in 
which said first DLCI identifying a PVC is mapped with the 
IP address of said hub as entry; 

said IP network being characterized in that the inverse 
ARP table of each spoke comprises, further to the entries 
corresponding to the IP addresses of the hubs to which said 
spoke is linked, at least a default entry identifying said 
subnet address whereby any frame the IP address of which 
corresponds to a spoke is routed to said hub by scanning 
said inverse ARP table. 

IP network over a partially meshed frame relay network (10) 
according to claim 1, wherein said default entry in said 
inverse ARP table is the IP address of said subnet (26 or 
28) . 

IP network over a partially meshed frame relay network (10) 
according to claim 1, comprising a single hub defining a 
single subnet wherein all the spokes which are linked to 
said hub, and wherein said default entry is a specific IP 
address such as 0.0.0.0. 

IP network over a partially meshed frame relay network (10) 
according to 1 to 3, wherein said hub (12 or 14) comprises 
means for forwarding any frame received from a spoke (24) 
of said subnet (26) directly to the destination at layer 2 
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without passing said frame to the IP layer when said 
destination is another spoke (16 or 18) of said subnet. 

IP network over a partially meshed frame relay network (10) 
according to claims 1 to 3, wherein said hub (12) 
comprises means for broadcasting any broadcast frame 
received from a spoke (24) of said subnet (26) directly to 
all the spokes (16, 18) of said subnet at layer 2 without 
passing said frame to the IP layer. 
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Method of forwarding a frame from a source spoke to at least 
a destination spoke in an IP network over a partially 
meshed frame relay network (10) according to claim 1, 
comprising the steps of looking up the inverse ARP table of 
said source spoke in order to determine the DLCI to be 
used, said DLCI corresponding in said table to the IP 
destination address, and scanning said inverse ARP table to 
determine said default entry identifying said subnet giving 
the DLCI to be used when there is no entry corresponding to 
the IP destination address in said table. 
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Abstract 

IP network over a partially meshed Frame Relay network (10) 
wherein the Frame Relay network includes at least a hub (12 or 
5 14) which is linked to each one of a set of spokes (16, 18, 24 
or 20, 22, 24) by a Permanent Virtual Circuit (PVC) identified 
by a first Data Link Connection Identifier (DLCI) associated 
with the hub and a second DLCI associated with the spoke, the 
hub and the set of spokes defining an IP subnet having a subnet 

10 address, and each spoke having an inverse ARP table in which 
the first DLCI identifying a PVC is mapped with the IP address 
of the hub as entry. The inverse ARP table of each spoke 
comprises, further to the entries corresponding to the IP 
addresses of the hubs to which the spoke is linked, at least a 

15 default entry identifying the subnet address whereby any frame 
the IP address of Which corresponds to a spoke is routed to the 
hub by scanning inverse ARP table. 
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